The effects of orthovanadate on the uptake of sucrose by Ricimw cotyledons and on sucrose-coupled proton influx were measured in order to gain insight into the relationship to the plasma membrane proton pump. Vanadate had no effect on short-term sucrose uptake. In longterm experiments (>30 min) sucrose uptake was progressively inhibited, but only at high external sucrose concentrations. Vanadate did not affect proton efflux pumping in the absence of sucrose and neither did it change the initial rate of sucrose-coupled proton influx. However, it enhanced the maximsa level of sucrose-induced alkalinization of the medium at all sucrose concenttions tested. This is interpreted as an inhibiting effect of vanadate on the proton pump that recycles protons during sucroseproton cotansport The sensitivity towards vanadate indicates that this proton pump is an ATPase. A second proton-translocating system, that is insensitive to vanadate, is postulated to function in the absence of sucrose.
The effects of orthovanadate on the uptake of sucrose by Ricimw cotyledons and on sucrose-coupled proton influx were measured in order to gain insight into the relationship to the plasma membrane proton pump. Vanadate had no effect on short-term sucrose uptake. In longterm experiments (>30 min) sucrose uptake was progressively inhibited, but only at high external sucrose concentrations. Vanadate did not affect proton efflux pumping in the absence of sucrose and neither did it change the initial rate of sucrose-coupled proton influx. However, it enhanced the maximsa level of sucrose-induced alkalinization of the medium at all sucrose concenttions tested. This is interpreted as an inhibiting effect of vanadate on the proton pump that recycles protons during sucroseproton cotansport The sensitivity towards vanadate indicates that this proton pump is an ATPase. A second proton-translocating system, that is insensitive to vanadate, is postulated to function in the absence of sucrose.
There is now ample evidence that the active uptake into cells ofsucrose and other solutes, like amino acids, occurs via cotransport with protons (see review in Reinhold and Kaplan [19] ). The driving force for this uptake is derived from the electrochemical gradient of protons generated across the plasma membrane by a proton pump. These pumps are postulated to be proton-translocating ATPases (1, 7) . The involved in maintaining the driving force for active uptake of solutes.
Since vanadate has been shown to inhibit proton pumping when applied to intact cells (6) , we decided to analyze the effects of vanadate on sucrose uptake in vivo, in order to gain insight into the relationship to the proton pump. This study was done using Ricinus cotyledons, since they are very active in the uptake of sucrose (10) , and because sucrose-induced proton-fluxes can easily be measured using this tissue (8, 11, 22 (16) . After 2 hr at 30C, the incubation medium was replaced by the same medium supplemented with the desired concentration ofsucrose and [U-'4Cjsucrose. Ifa series ofsucrose concentrations was used, the amount oflabeled sucrose was kept constant and thus the specific activity varied. Uptake of sucrose was stopped by washing the cotyledons twice with distilled water. They were then incubated in 80% ethanol to extract the lAbel. A scintillation cocktail was added and radioactivity was determined using a liquid scintillation counter. By this procedure more than 90% of the label was extracted, as checked by combustion of discs in a tissue sample oxidizer.
pH Measurements. Cotyledons were washed in disfilled water. Ten to 12 cotyledons were incubated in 25 ml of 10 mM KCI with or without 0.2 mm vanadate at 30C. Since there was a considerable variation between cotyledons from different seedlings, but not between the two cotyledons of a seedling, one cotyledon ofeach seedling was used for the control measurement, while the other was incubated in the presence ofvanadate. Before the addition ofthe cotyledons, the pH ofthe medium contaig vanadate was adjusted to about pH 5.0 with a few drops of 0.1 N HC. The pH of the medium was monitored continuously.
After about I h, the pH stabilized and then an aliquot of a 1 M sucrose solution was added to give a final concentration of 2 to 25 mm. The buffering capacity of the medium was determined at the end of each experiment by adding small amounts of KOH or HCI. 605 RESULTS AND DISCUSSION Within 2 hr, vanadate had a clear effect on the appearance of the cotyledons and the discs taken from them: their color changed from yellowish-orange to yellow and the edges turned black, especially at the higher vanadate concentrations (>0.05 mM). After 3 to 4 h in 0.2 mM vanadate, the whole tissue gradually turned black, and after overnight incubation it had completely lost turgor, in contrast to control tissue, the appearance of which changed very little.
Despite these visual changes, a 2 h preincubation in vanadate, up to 0.5 mm, had no effect on the subsequent short-term (30 min) uptake of sucrose from a 25 mm solution (Fig. 1) . This sucrose concentration was chosen because it was shown that under these conditions sucrose uptake predominantly occurs via a saturable carrier, the linear, nonsaturable uptake being negligible (1 1). These data were obtained by incubating the discs at pH 5.0, and it is known that under acidic conditions vanadate can form polyvanadate (17), thus losing its inhibiting effect on ATPases. Therefore, we repeated this experiment at a series of pH values. As expected, sucrose uptake decreased with increasing pH (cf 13), but no significant effect of vanadate was observed (Fig. 2) .
There is now convincing evidence that sucrose uptake into plant cells occurs via a proton-cotransport carrier and thus depends on AgH+ as the driving force (12 directed proton pumping by the cotyledons and on sucrosecoupled proton influx, by measuring the pH of the bathing medium.
In an unbuffered medium the cotyledons adjusted the pH of the medium to about 4.7, irrespective ofthe presence ofvanadate. The cotyledons were able to compensate for small disturbances of the external pH, produced by addition of aliquots of KOH (Fig. 3) . This buffering capacity ofthe tissue can be due either to enhanced outward pumping of protons or to inward pumping of hydroxyl ions. For convenience, we refer to it as proton pumping. The rates ofproton efflux after addition ofKOH, which produced a pH shift in the medium of about 0.2 unit, were 609 + 164 and 688 ± 191 nmol-h`cotyledon-', in the absence and presence of 0.2 mM vanadate, respectively (average ± SD of 5 determinations).
Having found no effect of vanadate on sucrose uptake and on proton pumping in the absence of sucrose, it was expected that vanadate would have no effect on the sucrose-coupled proton influx, measured as alkalinization of the medium. However, 0.2 mM vanadate markedly increased the alkalinization induced by the addition of 25 mM sucrose (Fig. 4) . In three independent experiments, it was found that on average the alkalinization in the presence of 0.2 mm vanadate was 277% of the control.
Komor (10) and Hutchings (8) have shown that sucrose uptake into Ricinus cotyledons goes on much longer than the sucroseinduced alkalinization of the medium. Their explanation is that sucrose uptake is coupled to proton uptake and that the protons are recycled to the apoplast, thus maintaining the driving force for continued uptake of sucrose. The effects of vanadate on sucrose-coupled proton uptake might then be explained as an inhibition of the recycling of protons.
If this interpretation is correct, then several predictions can be made: (a) Neither the initial rate of proton influx induced by sucrose, nor the proton:sucrose stoichiometry, will be influenced by vanadate. (b) Long-term sucrose uptake will be inhibited by vanadate, since the rate at which the protons are pumped out during sucrose-proton cotransport is decreased and thus the pH in the cytoplasm will decreased and AMH' will collapse. ( Of experiments was done to check these predictions. Figure 5 shows the initial rates of sucrose-coupled proton influx at a series of sucrose concentrations, as calculated from the slopes of tracings like those in Figure 4 . The effect of vanadate on long-term sucrose uptake is shown in Figure 6 . At a high external sucrose concentration (25 mM), no significant effect of vanadate was observed during the first 30 min of uptake (cf Figs. 1 and 2 ). However, thereafter vanadate significantly (P < 0.05, tested with Students' t-test) inhibited uptake. This observation might confirm the above stated model, but it might also be due to a nonspecific toxic effect of vanadate. This possibility was ruled out by the data of the time course of sucrose uptake from a low external concentration (1 mM). In this case no effect of vanadate was observed (Fig. 6B) is corct, how is the driving force for the initial sucrose uptake generated, and what system caused the proton extrusion in the absence ofsucrose. (b) The proton efflux in the absence ofsucrose (viz. about 600 nmol .h' cotyledon-') exceeds sucrose induced proton influx, at low external sucrose concentrations (cf Fig. 5 ). Nonetheless, vanadate caused a marked increase in the maximal sucrose-induced alkalinization of the medium at these low sucrose concentrations (Table I) . A possible explanation for these phenomena might be that two different proton pumping systems are present in castor bean cotyledons: one system would cause the proton pumping in the absence or presence of sucrose. It is insensitive toward vanadate, or located at a site to which vanadate did not penetrate. The other system would be vanadate sensitive, and it recycles protons that were cotanworted with sucrose. This system is postulated to be activated by the sucrose-induced depolarization of the plasma membrane (17, 18) or by a decrease in cytoplasmic pH. Most likely it is located in the plasma membrane of the cells in which sucrose is accumulated.
Alternatively, our data might be explained by assuming that only one proton pump is present in the plasma membrane of the cells that accumulate sucrose, and that it is only partialy inhibited by vanadate. However, this would not explain the above mentioned point that the capacity of the proton pump in the absence of sucrose is greater than sucrose-induced proton influx at low sucrose concentrations, and yet vanadate increased the maximal alkalinization of the medium at all sucrose levels.
The tonoplast proton pump might also be involved in the maintce of the cytoplasmic pH. Since vanadate does not inhibit the tonoplast pump (21) it is conceivable that this pump and the cytoplasmic pH-stat main the cytoplasmic pH at a constant level, thus enabling sucrose uptake. However, our data do not permit any conclusions concerning this proton pump.
Colombo et al. (2) , in studying proton extrusion and 3-0-methyl glucose uptake into maize roots reported an almost immediate inhibition of both processes by diethylstilbestrol. A comparable effect was found for glucose uptake into Vinca protoplasts (20) . In the latter system, vanadate was also slightly inhibiting. The apparent discrepancy with our data is most likely due to the fact that these studies concened glucose uptake into roots (probably cortical cells) and protoplasts from suspension cultured cells, whereas our data are on sucrose uptake, presumably into the phloem (15) . This agre with reports that sucrose is loaded into the phloem, but that glucose is taken up into the mesophyll (4, 5) .
So far, no direct evidence has been presented that a proton translocating ATPase is involved in the active uptake ofsucrose. Since vanadate is known to inhibit proton-translocating ATPases Plant PhysioL Vol. 84, 1987 that form a phosphorylated intermediate during the reaction cycle (14) , our data strongly suggest that such an ATPase is present in the cells that accumulate sucrose and that it has a function in maintaining the driving force for sucrose uptake. Further investigations are required to check the existence of the presumed second proton translocating system and to characterize its nature.
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